ABSTRACT Geese have a short egg-laying period and a low egg production rate. To induce and maintain egg laying, genes related to generating hepatic lipid for yolk deposition should be adequately expressed. Liver mRNA from 6 laying geese was extracted and used for construction of a full-length enriched cDNA library. About 2,400 clones containing gene sequences were determined and National Center for Biotechnology Information Gallus gallus Gene Index databases were used to compare and analyze these sequences. Ten highly expressed genes were selected to determine the differential expression between laying and prelay goose liver. Tissue distribution data showed that very low density apolipoprotein II, liver type fatty acid binding protein, vitellogenin I, and vitellogenin II transcripts were specifically expressed in the liver of laying geese. Ovoinhibitor, preproalbumin, α-2-hs-glycoprotein, and vitamin D binding protein mRNA were highly expressed in the liver and to a lesser extent in other tissues. Ovotransferrin mRNA was expressed in liver, ovary, oviduct, shell gland, brain, and adipose tissues. The concentration of transthyretin mRNA was high in the liver and brain. The mRNA concentrations of liver type fatty acid binding protein, α-2-hs-glycoprotein, and transthyretin in the livers of laying and prelay geese were not different. The concentrations of hepatic ovotransferrin, ovoinhibitor, preproalbumin, very low density apolipoprotein II, vitellogenin I, vitellogenin II, and vitamin D binding protein mRNA were higher in the liver of laying geese than in prelay geese, suggesting that these genes may be involved in laying function or lipid metabolism related to egg formation.
INTRODUCTION
The goose is a seasonal breeder (laying during the short photoperiodic season) with a low egg production rate. Modification of the egg production period by changing the lighting program improves goose egg production rate and changes serum hormone concentrations (Hsu et al., 1990a,b; Lai et al., 1996) . Estrogen induces the expression of lipogenic and genes related to egg formation in the liver of the layers (Kudzma et al., 1975; Dashti et al., 1983; Courtney et al., 1988) . We have previously demonstrated that estrogen injection increased the expression of very low density apolipoprotein II (apoVLDL II), vitellogenin I, and G-protein-γ5 subunit in prelay geese (Ding et al., 2007) . These results show that the induction of genes related to egg yolk lipid generation and other aspects of lipid metabolism is required for the induction and maintenance of egg laying.
The concentrations of hepatic 3-hydroxy-3-methylglutaryl-coenzyme A reductase and apoVLDL II mRNA were higher in laying ducks than in prelay ducks, suggesting that the expression of genes associated with lipid metabolism and transportation is involved in egg laying (Yen et al., 2005) . The EST technique is a powerful method to study the function and expression of genes in different cells and tissues (Adams et al., 1992) . Many domestic animal EST libraries have been established (Uenishi et al., 2004; Whitworth et al., 2004; Chen et al., 2006) . Such functional expression of genes in various tissues and cells provides valuable genetic information to describe the possible function of certain genes. However, there is a scarcity of gene expression data for domestic geese. After sequencing and analyzing these EST clones, the abundantly expressed mRNA can be identified. The current experiment was designed to construct a goose liver full-length cDNA library and to determine differential gene expression between laying and prelay geese.
MATERIALS AND METHODS

Birds
The geese (White Roman goose; Coscoroba coscoroba) were selected from a commercial goose farm and raised at the National Chung Hsing University. They were housed in individual cages and offered standard goose diets during the different growth periods (0 to 8 wk: 2,850 kcal/kg, 20% total protein; 8 to 12 wk, 2,850 kcal/kg, 18% total protein; 12 to 18 wk, 2,600 kcal/ kg, 12% total protein). The diet was changed to layer diets (2,800 kcal/kg, 17.5% total protein) from 18 wk of age under a natural lighting system (11.5L:12.5D to 13.5L:10.5D). In experiment 1, six laying geese were chosen for cDNA library construction and EST sequence analysis. In experiment 2, four laying geese were used to study the tissue distribution of the mRNA of the genes that were highly expressed in the liver. In experiment 3, differential gene expression in the livers of prelay geese (5 geese of 5 mo old) and laying geese (5 geese of 18 mo old) was determined. The protocol for animal treatments was approved by the National Chung Hsing University Animal Care and Use Committee. For tissue distribution study, adipose tissue, brain, cardiac muscle, skeletal muscle, liver, ovary, oviduct, and shell gland were quickly dissected, frozen in liquid nitrogen, and stored at −80°C until total RNA extraction. Total RNA was extracted by the guanidinium-phenol-chloroform extraction method of Chomczynski and Sacchi (1987) , as described previously (Chin et al., 2006) .
cDNA Library Construction
Six micrograms of egg-laying goose liver mRNA was purified using the MicroPoly (A) Pure small-scale mRNA purification kit (Ambion Inc., Austin, TX) following the procedure described by Chen et al. (2006) . The mRNA was reverse transcribed using the Creator SMART cDNA construction kit (Clontech, Mountain View, CA) following the procedure described by Chen et al. (2006) , and the cDNA inserts were cloned into pDNR-LIB vectors. The ligation products were transformed into competent cells and cultured in LuriaBertani medium. The colonies that contained gene fragments less than 200 bp were detected by gel electrophoresis and eliminated. A total of 2,400 colonies of the transformed Escherichia coli that contained goose liver cDNA were randomly selected and sequenced.
DNA Sequencing
The plasmid DNA was purified by the alkaline lysis procedure developed by Birnboim and Doly (1979) with modification to fit a high-throughput preparation procedure using 96-well polyvinylidene fluoride filter plates (Corning Inc., Corning, NY). The sequences were determined with fluorescent dideoxy termination in an automated Applied Biosystems 3730 DNA Sequencer (Applied Biosystems Inc., Foster City, CA). The method was a modification of the procedure from Sanger et al. (1977) .
Sequence Analysis and Annotation
The base-calling procedure of those trace files of the goose cDNA sequences was conducted using the Phred program (Ewing et al., 1998) with the trim option and quality value <20 (equivalent to less than 0.01 of sequencing error) to eliminate the poor quality bases. The fragments of vector sequences and long poly (A) RNA tails were also eliminated. The remaining sequences were clustered and grouped into contigs using TIGR gene indices clustering tools from the Dana-Farber Cancer Institute based on MEGABLAST (Zhang et al., 2000) and CAP3 (Huang and Madan, 1999) . Sequences were then searched against the nonredundant nucleotide database in National Center for Biotechnology Information and the Gene Indices database in Dana-Farber Cancer Institute using BLASTN. The confirmation of putative ATG (translation start codon) was used to estimate the ratio of full-length cDNA sequences.
Gene Ontology Analysis
The accession number of known genes identified for EST sequences in the goose liver cDNA library was used to functionally classify the genes according to the descriptive terms of gene ontology (Ashburner et al. 2000; Camon et al., 2004) . Frequency of each functional category was then summarized in a bar chart format.
Northern Analysis
Ten abundantly expressed genes were selected from the goose liver cDNA library for Northern analysis. The DNA probes specifically developed from these goose gene sequences were generated by PCR with [α-32 P] for Northern analysis. The protocol used by Hsu et al. (2004) was followed in this study. Briefly, total RNA (20 μg of each sample) was electrophoresed and transferred to nylon membranes. The membrane was prehybridized at 42°C in UltraHyb (Ambion) for 1 h and then hybridized with the cDNA probe at 42°C overnight. After hybridization, the membrane was washed twice in 2× saline sodium citrate (300 mM NaCl, 30 mM sodium citrate, at pH 7.0) containing 0.1% SDS at 42°C or 5 min. The membrane was then washed twice in 0.2× saline sodium citrate containing 0.1% SDS for 15 min at 42°C. All membranes were hybridized at the same time with a single probe so that comparisons could be made. The mRNA concentrations were quantified using a Fuji Phosphoimager (BAS-1500, Fuji Photo Film Co. Ltd., Kanagawa, Japan). To correct for extraction, sampling, gel loading, and membrane transfer varia-tion, we used 18S rRNA as a housekeeping gene and each transcript was normalized to the densitometric value for 18S rRNA in the same lane. The same membranes were stripped according to the instruction of the manufacturer and then hybridized with other probes to determine transcript concentrations.
Statistical Analysis
The data for transcript concentrations in various tissues were analyzed by 1-way ANOVA with the multiple comparison using Duncan's test. The egg-laying effect on gene expression in the livers of geese before and after laying was determined using Student's t-test. The procedures of ANOVA and Student's t-test were performed using SAS statistical software (SAS, 2001) .
RESULTS AND DISCUSSION
Goose Liver Gene Sequences
After trimming the low-quality bases, vector-adaptor sequences, and short insert and repeat sequences, the EST library sequences were clustered into 729 unique sequences (139 clusters and 589 singletons), of which 66% were categorized as known genes and 34% were categorized as unknown genes. The first 20 abundantly expressed genes in the goose liver cDNA library are listed in Table 1 . After comparison to sequences in GenBank by BLAST analysis, we found that the known gene fragments of the current EST collection contained 10.7% or an estimated 77 full-length cDNA. The known genes with full-length cDNA sequences found in the current study are listed in Table 2 . Thus, a large number of full-length cDNA were added to the goose genome.
Known gene sequences found in the current study were classified into groups according to their gene ontology terms (http://www.godatabase.org/cgi-bin/amigo/go.cgi) at the level 3 annotation. Analysis according to cellular components ( Figure 1A ) indicated that goose known genes were distributed into the following categories: 35.92% for extracellular regions, 35.92% for extracellular space, 10.84% for cell parts, and 20.84% for chylomicrons. Under the biological processes classification, genes were distributed into the following categories: cellular physiological process = 44.08%, metabolism = 37.09%, localization = 31.68%, and regulation of physiological process = 16.93% ( Figure 1B) . According to the molecular function classification, genes were distributed into the following categories: 37.77% for nucleic acid binding activity, 28.55% for lipid transporter activity, 24.69% for enzyme inhibitor activity, and 18.49% for protein binding activity ( Figure 1C ).
Gene Tissue Distribution and Differences Between Laying and Prelay Geese
Ten highly expressed genes [apoVLDL II, liver fatty acid binding protein (LFABP), vitellogenin I, vitellogenin II, ovoinhibitor, preproalbumin, α-2-hsglycoprotein (AHSG), vitamin D binding protein (VDBP), ovotransferrin, and transthyretin] were selected. The number of expressed tags rate of these genes in the library is indicated in Table 1 . The tissue distribution data indicated that apoVLDL II, LFABP, vitellogenin I, and vitellogenin II transcripts were specifically expressed in the liver of laying geese (P < 0.01). Ovoinhibitor, preproalbumin, AHSG, and VDBP mRNA were highly expressed in the liver than the oth- Gallus gallus similar to α-1-antitrypsin (LOC423434), mRNA 12 0.0 NM_205238 Gallus gallus retinol binding protein 4, plasma (RBP4), mRNA 11 0.0 er tissues (P < 0.05). The major site of expression of ovotransferrin mRNA was in the liver and oviduct and to a lesser extent in the ovary, shell gland, brain, and adipose tissue. There was no expression in muscle tissues (P < 0.05; Figure 2A ). The expression of these genes in laying and prelay geese was also determined. The concentrations of hepatic ovotransferrin, ovoinhibitor, preproalbumin, apoVLDL II, vitellogenin I, vitellogenin II, and VDBP mRNA were higher in the laying goose than in the prelay goose ( Figure 2B and C) , suggesting that these genes may be involved in laying function or laying-related lipid metabolism. The mRNA concentrations of LFABP, AHSG, and transthyretin in the livers of laying and prelay goose were not different.
It has been found that apoVLDL II is a protein only expressed in the liver of mature female avian species (Wiskocil et al., 1980 (Wiskocil et al., , 1981 Schneider et al., 1990; Evans et al., 1994 ). In the current study, laying goose apoVLDL II mRNA was only detected in the liver, similar to our previous observation (Yen et al., 2005; Ding et al., 2007) . The expression of apoVLDL II protects apoVLDL II-containing very low density lipoprotein by inhibiting the activity of lipoprotein lipase in other peripheral tissues in laying birds, thus allowing greater lipid transport to the ovary for egg yolk formation (Schneider et al., 1990 ).
The functions of fatty acid binding proteins (FABP) are associated with the transportation of fatty acids. There are 2 forms of hepatic FABP expressed in chicken livers. One is a basic form (liver basic FABP), a protein of 16 kD and an isoelectric point = 9.0 (Scapin et al., 1988) . The molecular weight of the other form (LFABP) is 14 kD with an isoelectric point = 7.0 (Collins and Hargis, 1989; Sewell et al., 1989) . The FABP is expressed in turkey liver and intestine and is associated with fatty acid metabolism in turkey embryos and poults . Ko et al. (2004) indicated that Tsaiya duck (Anas platyrhynchos var. domestica) LFABP gene was highly expressed in the liver and to a lesser extent in leg skeletal muscle but was not detectable in heart, ovary, small intestine, or abdominal fat. In the present study, goose LFABP was highly expressed in the liver and not detected in other tissues similar to that in Tsaiya ducks (Ko et al., 2004) .
Transthyretin is one of the 3 thyroid hormone binding proteins in the blood of birds, herbivorous marsupials, and small eutherians (Richardson et al., 1994) . The gene encoding transthyretin is also highly expressed in the choroid plexus in the brain (Duan et al., 1991) . In chicken, the transthyretin transcript is detected in intestine, lung, kidney, spleen, brain, and liver, but no signal is detected in stomach, skeletal muscle, testis, and heart (Duan et al., 1991) . In the current study, laying goose transthyretin mRNA was highly expressed in the liver and brain. In seasonal breeding avian species, thyroid hormone can regulate the gonadotropin-releasing hormone secretion in hypothalamus (Yoshimura et al., 2003) . Because transthyretin is one of the thyroid hormone transporters in the blood circulation (Nakao et al., 2008) , it may involve in the regulation of reproductive functions through the secretion of GnRH in birds.
The VDBP gene is widely expressed in various tissues, but most serum VDBP is expressed and secreted from the liver (McLeod and Cooke, 1989; White and Cooke, 2000) . The major function of VDBP is the binding and transport of calcidiol and calcitriol [1, 25-(OH) 2 D 3 ], so that VDBP may play an important role in sterol metabolism in the liver (White and Cooke, 2000) . In hens, blood VDBP concentration is increased before sexual maturity; this increase follows the change in plasma estradiol concentration. In addition, plasma 1, 25-(OH) 2 D 3 is increased at the onset of egg laying, suggesting a relationship between the concentration of VDBP and 1, 25-(OH) 2 D 3 in laying hens (Nys et al., 1986) . Our data indicated that goose VDBP mRNA was highly expressed in the liver and to a lesser extent in other tissues, similar to previous observations (White and Cooke, 2000) .
Ovotransferrin is a member of the transferrin family. Transferrins were found in the plasma and secretory fluids like milk and egg whites (Lambert et al., 2005) . Ovotransferrin is secreted from the liver and oviduct into the circulation. It is known to act as a microbial inhibitor in egg white (Graham and Williams, 1975; Lee et al., 1980) . Ovotransferrin is also involved in iron transport. In the current study, goose ovotransferrin was highly expressed in the liver and oviduct, similar to other avian species (Williams, 1968) .
Ovoinhibitor is a major protease inhibitor synthesized in the oviduct and liver (Scott et al., 1987) . In the chicken egg white, concentration of ovoinhibitor is about 1.5% of total proteins (Kinoshita et al., 2004) . Ovoinhibitor inhibits the activity of trypsin, chymotrypsin, and elastase (Saxena and Tayyab, 1997) . During chicken embryonic development, the proteolytic activity in yolk sac membranes increases continuously (Sugimoto and Yamada, 1986) , suggesting that ovoinhibitor may play an important role in embryogenesis. In the current study, ovoinhibitor mRNA was highly expressed in the liver, suggesting that liver may be the primary producer of ovoinhibitor in the goose.
Vitellogenin is the precursor of vitellin, which is one of the egg yolk proteins to provide energy and amino acid reserves for embryonic development in birds (Marin and Matozzo, 2004) . In mature female birds, vitellogenin synthesis is responsive to endogenous estrogens, which are stored in developing oocytes and released into the bloodstream (Wahli et al., 1981) . In avian species, liver is the major organ of vitellogenin expression. Vitellogenin is secreted into the blood circulation, then transported to the ovary and incorporated into growing oocytes by vitellogenin receptors (Schneider, 1996) . After vitellogenin transport into oocytes, it is cleaved into 2 smaller proteins, lipovitellin and phosvitin (Byrne et al., 1989) . In our previous study, we have demonstrated that vitellogenin I was highly expressed in laying goose liver (Ding et al., 2007 ). In the current study, we cloned the vitellogenin II genes and found that they were also specifically expressed in the liver of laying geese.
Preproalbumin is the precursor of albumin that contains an amino-terminal extension of amino acids acting as a signal peptide (Compere et al., 1981) . In avian species, albumin is the most abundant of the egg white proteins, being approximately 54% of the total proteins (Nisbet et al., 1981 ). In the current study, we found that goose preproalbumin mRNA was highly expressed in the liver. The homology of preproalbumin between geese and chickens was 87%.
It has been found that AHSG belongs to the fetuin protein family (Dziegielewska and Brown, 1995) and is synthesized in the liver and osteoblasts and secreted to the blood circulation (Arnaud and Kalabay, 2002) . The function of AHSG is not well defined. In mammals, it inhibits the insulin receptor tyrosine kinase in hepatic cells (Ren and Davidoff, 2002) , but inhibits mitogenic action without affecting insulin receptor tyrosine kinase in adipose cells (Chen et al., 1998) . Also, AHSG is a calcium phosphate carrier for intestinal uptake and blood transportation of calcium, and it is a potent systemic inhibitor of soft tissue calcification (Westenfeld et al., 2007) , suggesting that it may play a role in calcium metabolism. Therefore, AHSG may involve in calcium uptaking and transporting for eggshell formation in avian species. In the current study, we cloned the goose AHSG cDNA and found that goose AHSG was highly expressed in the liver, similar to that in mammals (Arnaud and Kalabay, 2002; Stefan et al., 2006) .
In conclusion, we have constructed a goose hepatic cDNA library and found more than 700 unique gene sequences, including 34% unknown genes. The full-length goose sequences discovered in the current study will be helpful in determining the function of these genes. The tissue distribution of the 10 abundantly expressed genes gives us hints on the functionality of these genes. Products of the highly expressed genes in geese liver are associated with the transportation and formation of egg components, indicating that the liver plays an important role in egg formation. Further research to demonstrate the function of these genes will enhance our understanding of the reproductive physiology in the goose.
